Yersiniu enterocolitica biogroups 3A and 3B are biochemically, serologically, and ecologically different from biogroup 3 and other Y . enterocolitica biogroups. Both biogroup 3A and biogroup 3B can be characterized by their negative Voges-Proskauer reactions and positive reactions in tests for pyrazinamidase, acid production from mucate, proline peptidase, and acid production from D-xylose. Biogroup 3A ferments L-sorbose but not L-fucose; biogroup 3B has the opposite fermentation pattern. Deoxyribonucleic acid relatedness studies (hydroxyapatite method) indicated that biogroups 3A and 3B are two new species that are about 55% interrelated and 25 to 46% related to other Yersiniu species (except Yersinia ruckeri [20 to 22%]). The names Yersiniu mollaretii sp. nov. and Yersinia bercovieri sp. nov. are proposed for biogroups 3A and 3B, respectively.
In addition to Yersinia enterocolitica sensu strict0 (3, several related species, previously known as Y. enterocolitica-like organisms, have been described. These are Yersinia intermedia (lo), Yersinia frederiksenii (19) , Yersinia kristensenii (8), Yersinia aldovae (7) , and, most recently, Yersinia rohdei (2). In 1978, Bercovier et al. described strains originating from a terrestrial ecosystem and resembling Y. enterocolitica biogroup 3 (4) . The strains which fermented L-sorbose and either i-or myo-inositol were designated biogroup 3A; the strains which did not ferment these carbohydrates were designated biogroup 3B. In 1986, Kaneko and Maruyama (16) isolated human pathogenic strains of serotype 3 in Japan that were Voges-Proskauernegative variants of biogroup 3. Typical serotype 3 strains are Voges-Proskauer positive and belong to biogroup 4. The Voges-Proskauer-negative serogroup 3 strains were referred to as biogroup 3B by Fukushima (13) . Wauters et al. (21) proposed that biogroup 3A and 3B strains be transferred to a newly designated biogroup 6, to avoid confusion with biogroup 3.
Differences in the ecology and the 0 and H antigenic patterns of biogroups 3A and 3B compared with biogroup 3 prompted further biochemical and deoxyribonucleic acid (DNA) hybridization investigations of these strains. The results of these studies indicate that biogroups 3A and 3B are two new Yersinia species, for which the names Yersinia mollaretii (biogroup 3A) and Yersinia bercovieri (biogroup 3B) are proposed.
MATERIALS AND METHODS
Bacterial strains. The biogroup 3A and 3B strains which we used are listed in Table 1 . The strains of other biogroups and other Yersinia species used in DNA hybridization studies have been described previously (2, 5, 7, 8, 19) . All strains were grown and maintained at room temperature on tryptic soy agar.
Biochemical properties. Biochemical tests were done by using the methods of Ewing (12) and Bercovier et al. (3) . Pyrazinamidase activity (15) and proline peptidase (21) were tested as previously described. All tests were done at 25°C and read at 1, 2, and 7 days, unless otherwise stated.
* Corresponding author
Virulence markers. Autoagglutination after growth in broth at 37°C was tested in tryptic soy broth (17) , and calcium dependency was tested at 37°C on magnesiumoxalate agar (14) .
Serotyping. 0 antigens were determined by the slide agglutination test, using 57 antisera against Y. enterocolitica and related Yersinia species (20) . In addition, antisera were raised against three new 0 factors designated 0:58, 0 5 9 , and 0:62.
DNA studies. Cells were grown at 37°C with shaking to stationary phase in 1.5 liters of brain heart infusion broth contained in 2-liter Erlenmeyer flasks. The methods used for DNA isolation and purification, for DNA hybridization by the hydroxyapatite method, and for guanine-plus-cytosine (G+C) content determinations have been described previously (11, 18) . DNA was labeled in vitro with [32P] deoxyribose cytidine triphosphate by using a nick translation reagent kit (Bethesda Research Laboratories, Inc., Gaithersburg, Md.) and following the instructions of the manufacturer.
RESULTS
DNA hybridization. Levels of DNA relatedness were determined by using labeled DNA from Y. mollaretii CNY 7263T (T = type strain) and Y. bercovieri CNY 7506T (Table  2) . All biogroup 3A strains tested were 74% or more related to strain CNY 7263T in both 60 and 75°C reactions (average, 88% at 60"C, 89% at 75°C); the amount of divergence in related sequences was 0.5 to 2.5%. Similarly, with one exception, all biogroup 3B strains were at least 79% related to strain CNY 7506T in both 60 and 75°C reactions (average, 86% at 60"C, 92% at 75°C); the amount of divergence in related sequences was 0.5%. The exception, biogroup 3B strain WE 120/83, was 56% related to Y. bercovieri at 60°C with 6.0% divergence and 41% related at 75°C; it was 39% related to Y. mollaretii at 60°C with 9.0% divergence. Tables 3 and 4 . Y. mollaretii ferments L-sorbose but not L-fucose. This distinguishes it from Y . bercovieri, which has the opposite fermentation reactions. Characteristics that differentiated Y . mollaretii and Y. bercovieri from other yersiniae are shown in Table 5 , and characteristics that differentiate the two new species from Y . enterocolitica biogroups 3 and 4 are shown in Table   6 .
Virulence markers. Tests for autoagglutination and calcium dependency at 37"C, indicating the presence of the virulence plasmid in Y. enterocolitica, were negative for all Y. mollaretii and Y. bercovieri strains tested.
Antigenic patterns. The 0 antigens found in both species are listed in Table 1 al. (4) . Most strains were isolated from environmental sources, but several others were of human origin, mainly from stools of both healthy individuals and patients with diarrhea. There is no evidence that these organisms are pathogenic for humans. Their frequent occurrence in food, soil, water, and environment samples and the lack of virulence markers in these species suggest a saprophytic character. The new species conform to the descriptions of the family Enterobacteriaceae (9) and the genus Yersinia (6). Phenotypically, they most closely resemble each other and are next closest to Y. enterocolitica biogroups 3 and 4. As in other Yersinia species, greater metabolic activity was evident at 25°C than at 36"C, especially in tests for L-ornithine decarboxylase, acetate utilization, and acid production from mucate, in which reactions were sometimes delayed or negative at 36°C. An occasional strain produced small amounts of gas in the tests for fermentation of glucose. For more complete biochemical comparisons of Y. mollaretii and Y. bercovieri with other yersiniae the data presented here can be compared with previously published biochemical descriptions (2, 5-8, 10, 19) . It is important to distinguish Y. mollaretii and Y. bercovieri from the mostly pathogenic strains of Y. enterocolitica in biogroups 3 and 4 and from the Voges-Proskauer-negative variants of biogroup 3 recently described in Japan (16) . The new species and Y. enterocolitica biogroups 3 and 4 are all negative in tests for indole, esculin, and Tween 80 esterase but are separable by the tests shown in Table 6 .
Some DNA relatedness studies confirmed that biogroup 3A and biogroup 3B each represent a new species in the genus Yersinia, for which the names Y. mollaretii and Y. bercovieri are proposed. Biogroup 3B strain WE 120/83, although more closely related to Y. bercovieri than to Y. mollaretii, was not related to Y. bercovieri at the species level (70% or more relatedness at 60°C; 5% or less divergence in related sequences [22] ). Since strain WE 120/83 cannot be phenotypically separated from Y. bercovieri, it is provisionally retained in this species.
Description of Yersinia mollaretii sp. nov. Yersinia mollaret'ii (mol. la. ret' i. i. M. L. gen. n. mollaretii, in honor of Henri H. Mollaret, head of the National Yersinia Center at the Pasteur Institute in Paris, France, whose many years of valuable studies have greatly increased our knowledge and appreciation of classification and epidemiology in the genus Yersinia [see references 2, 4-6, 8, 10, and 19 for references and citations to his work]) was formerly called Y. enterocolitica biogroup 3A (4) and was later transferred to Y. enterocolitica biogroup 6 (21) . Cells are gram-negative, oxidasenegative, fermentative rods that are motile by peritrichous flagella at 25°C but rarely motile at 36°C. The species conforms to the definitions of the 'family Enterobacteriaceae (9) and the genus Yersinia (6). All strains grow on nutrient, tryptic soy, and MacConkey agar media. Whitish, opaque Negative reactions in tests for indole production, the Voges-Proskauer reaction, Simmons citrate, H2S production on Kligler iron agar and peptone iron agar, phenylalanine deaminase, L-lysine decarboxylase, L-arginine dihydrolase, gelatin hydrolysis, growth in KCN broth, malonate utilization, Tween 80 esterase, deoxyribonuclease, pigment production, and acid production from adonitol, D-arabitol, dulcitol, erythritol, L-fucose, lactose, melibiose, a -c H , -~-glucoside, raffinose, and L-rhamnose. Tetrathionate reduction is variable and is often delayed when positive, as are acid production from i-or myo-inositol and salicin. A few strains produce small amounts of gas from D-glucose. The G+C content of the DNA is 50 to 51 mol%.
Y. mollaretii strains have been isolated from human stool specimens, meat, raw vegetables, soil, and drinking water. There is no evidence of pathogenicity for humans.
The type strain of Y. mollaretii is strain WAIP 204 (= CDC 2465-87 = CNY 7263 = ATCC 43969). The G+C content of its DNA is 50 mol%. It was isolated from soil in the UnitedStates. The characteristics of the type strain are given in Table 3 .
Description of Yersiniu bercovieri sp. nov. Yersinia bercovieri (ber. co. vi. e' ri. M. L. gen. n. bercovieri, in honor of HervC Bercovier, who first described biogroups 3A and 3B and has made outstanding contributions to the taxonomy and ecology of yersiniae [see references [3] [4] [5] [6] [7] [8] 10 , and 191) was formerly called Y. enterocolitica biogroup 3B (4) and was later transferred to biogroup 6 (21) . Cells are gram-negative, oxidase-negative, fermentative rods that are motile by peritrichous flagella at 25°C but not at 36°C. The species conforms to the definitions of the family Enterobacteriaceae (9) and the genus Yersinia (6).
'
All strains grow on nutrient, tryptic soy, and MacConkey agar media. Whitish, opaque colonies about 0.5 to 1.5 mm in diameter with smooth, entire edges are formed on nutrient agar after 24 h at 25 or 36°C. Facultatively anaerobic. Good growth in 1 day in tryptic soy, nutrient, and brain heart infusion broth media incubated at 25 or 36°C. More metabolically active at 25°C than at 36°C.
Positive reactions at 25°C in tests for methyl red, urea hydrolysis, L-ornithine decarboxylase, esculin hydrolysis (often delayed), acid production from mucate, tetrathionate reduction, Jordan tartrate, o-nitrophenyl-P-D-galactopyranoside, acetate utilization, nitrate reduction (nitratase B in all of the strains tested), pyrazinamidase, proline peptidase, and acid production from D-glucose, L-arabinose, cellobiose, L-fucose, D-galactose, glycerol (may be delayed), maltose, D-mannose, D-sorbitol, sucrose, trehalose, and D-xylose.
Negative reactions in tests for indole production, the Voges-Proskauer reaction, Simmons citrate, H2S production on Kligler iron agar and peptone iron agar, phenylalanine deaminase, L-lysine decarboxylase, L-arginine dihydrolase, gelatin hydrolysis, growth in KCN broth, malonate utilization, Tween 8Q esterase, deoxyribonuclease, pigment production, and acid production from adonitol, D-arabitol, dulcitol, erythritol, i-or myo-inositol, lactose, a-CH2-Dglucoside, raffinose, L-rhamnose, and L-sorbose. Acid production from salicin is delayed positive in most strains. A few strains produce small amounts of gas from D-glucose.
The G+C content of the DNA is 50 mol%. Y. bercovieri strains have been isolated from human stool specimens, animals, raw vegetables, soil, and water. There is no evidence of pathogenicity for humans. The type strain of Y. bercovieri is strain WAIP 208 (= CDC 2475-87 = CNY 7506 = ATCC 43970). The G+C content of its DNA is 50 mol%. This strain was isolated from a human stool specimen in France. The characteristics of the type strain are given in Table 4 .
